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Abstract-Specific in citro as well as in uivo binding of.neuroleptic drugs was demonstrated by studying 
the regional distribution in rat brain. [3H]spiperone and [3H]pimozide were found to be specificall! 
taken up in the dopaminergic areas of the brain, a fact which correlates with the distribution of 
neuroleptic receptors when measured under in vitro conditions. Larger doses of unlabeled neuroleptlcs 
only displaced the labeled neuroleptic in uiuo in the dopaminergic areas (striatum. nucleus accumbens. 
tuberculum olfactorium and frontal cortex) but not in the cerebellum. Dopamine agonists WWL found 
to partly displace the labeled spiperone in the striatum, thus providing further evidence about the 
dopaminergic nature of the neuroleptic receptor. Nevertheless, some in LVCO experiments suggest that 
the neuroleptic receptor is not the same in all the dopaminergic areas. It is concluded that splperone 
is a ligand of choice for in viuo studies of neuroleptic receptors. 

Since most ligands, agonist or antagonist, are able 
to bind to membrane structures in vitro as well as 
in uivo, various criteria must be fulfilled to identify 
specific receptor binding. For instance. binding of 
ligands in vitro should be saturable and stereospecific 
and the affinity of a large number of compounds for 
the binding sites should parallel their pharmacologi- 
cal activity in uiuo (cf. previous paper). 

The regional distribution can provide additional 
evidence to demonstrate specific bindings. especially 
concerning in uivo binding experiments. Unlike cer- 
tain peripheral tissues, the brain can be dissected into 
various areas containing a given enzyme or a neuro- 
transmitter. 

For many years, neuroleptics were thought to act 
by blocking dopamine receptors. The recent finding 
that brain receptors can stereospecifically bind 
labeled haloperidol has provided more direct evidence 
to support this hypothesis [l, 21. One of the main 
features of this binding assay is that it can almost 
exclusively be performed using homogenates obtained 
from brain dopaminergic regions [Id]. 

The purpose of the present paper is to report the 
regional distribution of in vitro as well as in pica 
[‘Hlspiperone binding in rat brain. Moreover dis- 
placement experiments of C3H]spiperone and [3H]pi- 
mozide in different brain regions will be presented 
in order to characterize the in uiuo binding sites of 
neuroleptic drugs. A preliminary account of this work 
has been published [S]. 

MATERIALS AND METHODS 

Male Wistar rats (approximatively 25Og) were i.v. 
injected with the labeled and unlabeled drug. At dif- 
ferent time intervals after injection, the animals were 
killed by decapitation and the brains were removed. 
Most of the brain areas were dissected according to 

Glowmski and lversen [6] whereas the nucleus 
accumbens and the substantia nigra were sucked up 
through a Pasteur micropipette (1.5 mm inner dia- 
meter) according to the coordinates of De Groot [7]. 
Brain samples were combusted in a tissuo sample OXI- 
dizer and the radioactivity was counted in a liquid 
scintillation specctrometer. 

In control experiments, the radioacti\,it> was 
extracted from tissue samples by a mixture heptanc 
isoamyl alcohol (8.5:1.5). After evaporation, the 
sample was analyzed by thin layer chromatography 
(solvent-benzene-ethanol, NH,OH 90: 10: 1). 

The in vitro binding using C3H]spiperone was 
assayed in a total particulate fraction as described 
in the previous paper [8]. 

Homouanillic acid (HI/A) determination. Tissue 
samples were homogenized in 6 vol. of 0.7% per- 
chloric acid. After centrifugation, 4 ml of the supema- 
tant was extracted with 6 ml of freshly distilled ethyl- 
acetate. After shaking and centrifugation, 5 ml of the 
organic phase was removed and extracted with 2.6 ml 
of 0.5 M. Tri-HCl buffer pH 8.5. HVA was measured 
according to Anden t”t al. [9] using internal standards. 

Drug. C3H]spiperone (sp. act. 9 Ci/m-mole), 
[‘H]haloperidol (sp. act. 8.5 Ci!m-mole) and C3H]pi- 
mozide (sp. act. 13 Ci:m-mole) were obtained from 
the Radiochemical Department of Jansscn Pharma- 
ceutica. The labeled and unlabeled drugs were dis- 
solved in saline to which two drops of lactic acid 
were added. 2-(N,N-dipropyl) amino 5.6-dihydroxy- 
tetralin (AMT) was donated by Dr. J. Cannon. 
Apomorphine was supplied by E. Merck, Darmstadt. 

RESULTS 

Regional distribution of in vitro C3H]spiperone bind- 
ing in rat brain. Stereospecific C3H]spiperone binding 
was assayed in homogenates from various rat brain 
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Table I. Regional distribution of radioactivity in rat brain 2 hr after i.v. injection of labeled ncurolcptlc drugs (UI 
viro binding) and of spiperone binding measured under rn rirro conditions 

Nucleus accumbens 
Stnatum 

Thalamus - 
Olfactory bulb 
Spmal cord 
Cerebellum 

077*006 

029 f 002 

*Results are the mean of 46 determinations (+ S. E. M.). 

areas. Table 1 shows clearly that spiperone binding 
sites are mainly located in the dopaminergic areas 
(striatum, substantia nigra, nucleus accumbens, olfac- 
tory tubercle and frontal cortex). The striatum 
appears to contain the largest number of receptor 
sites followed by the substantia nigra, the nucleus 
accumbens and the olfactory tubercle. 

Interestingly. a relatively large amount of spiperone 
binding was detected in the frontal cortex in contrast 
with the parietal and even more the occipital cortex. 
In the non-dopaminergic areas, especially in the cere- 
bellum and spinal cord, there are very few spiperone 
binding sites. 

Regional distribution of labeled neuroleptic drugs in 

vivo. Different doses of three labeled neuroleptic 
drugs, two belonging to the butyrophenone series and 
one (pimozide) to the diphenylbutylpiperidine series. 

were injected intravenously into rats. Two hours later 
the total radioactivity. was determined in various 

10 20 30 40 
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Fig. 1. Rat brain regions: correlation between the radioac- 
tivity measured in rat brain after i.v. injection of [3H]spi- 
perone and the in vitro stereospecific [3H]spiperone bind- 
ing assay. The spearman rank correlation coefficient 
rs = 0.85. NA, nucleus accumbens; STR, striatum; SN, 
substantia nigra; TO, tuberculum olfactorium; FC, frontal 

cortex; PC, parietal cortex; CER, cerebellum. 

‘;l’,i 

brain regions. Table I shows the distribution of these 
neuroleptic drugs in rat brain. When [3H]spiperone 
was used at a very low dose (5 pg/kg). it was preferen- 
tially taken up in the dopaminergic areas. Indeed the 
retention capacity in the striatum and the nucleus 
accurnbens was found to bc about 10 times that of 
the cerebellum. Other dopaminergic areas. such as the 
substantia nigra. the olfactory tubercle and even the 
frontal cortex also revealed a relatively high amount 
of radioactivity. Figure I shows that this regional dis- 
tribution. thus performed under in tit’0 conditions. 
nicely correlates with that of the in Gtro binding. 

However. when using a higher dose of labelled spi- 
perone (0.63 mg kg-‘), the difference in the retention 
capacity between the dopaminergic and non-dopa- 
minergic areas, though still being detectable, was 
much less pronounced. Similar results were obtained 
with a low dose of [3H]pimozide. Here. however. 
there was no difference between the three cortices and 
the difference in the retention capacity between the 
nucleus accumbens and the cerebellum was smaller 
than when using a low dose of [3H]spiperone. Sur- 
prisingly. labeled haloperidol although injected at 
verb low dose (0.005 mg kg ‘) did not display a 
regional distribution with a higher retention capacity 
in the brain dopaminergic areas. Table 1 shows that 
after injection of labeled haloperidol, the radioactivity 
was more or less evenly distributed. Throughout this 
work. the radioactivity was always considered as un- 
changed drug. Chromatographic studies using TLC 
have shown that 2 hr after i.v. injection. 90 per cent 
of C3H]spiperone and [3H]pimozide were found in 
the rat brain as unchanged drug. 

Displacement qf lubeled neuroleptic drugs in vivo. 
These experiments were carried out as follows: I hr 
after injection of labeled spiperone or pimozidc. rats 
were given a much higher dose of the unlabeled drug. 
The radioactivity was measured at various time inter- 
vals in different brain areas of animals receiving either 
only the labeled drug or successively the labeled and 
unlabeled drug. 

Figure 2 shows that after injection of [‘HIspiper- 
one, a large amount of radioactive material was dis- 
placed in the brain of rats receiving a larger dose 
of unlabeled spiperone. However, the displacement 
was only detectable in dopaminergic regions. such as 
the striatum. the olfactory tubercle and the frontal 
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Fig. 2. In vioo displacement of ‘Hlspiperone (0.005 mg kg Ml iv.) in various rat brain regions. In 
the first group (-) rats received only labeled spiperone while in the second group (-----) 0.63 mg 
kg- ’ (t) unlabeled spiperone was injected i.v. 1 hr after [3H]spiperone. The hatched part represents 
displaceable [‘Hlspiperone. Each point is the mean of 4 determinations. Significant differences from 

control values are indicated by *P < 0.0.5 **P < 0.01 ***P < 0.001 (P: Student’s r-test). 

cortex but not in the cerebellum. In the rest of the 
brain which consists of the whole brain minus the 
three regions already quoted and the nucleus 
accumbens. the displacement was only modest. 

It is noteworthy that the decline of the radioactivity 
was found to occur more rapidly in the frontal cortex 
than in the striatum. 

Figure 3 shows a similar experiment but using 
[3H]pimozide. Here again, a displacement of radioac- 
tive material was detected in the striatum, the nucleus 
accumbens and the olfactory tubercle but not in the 
cerebellum and the rest of the brain. When compared 
to spiperone. the distribution pattern is somewhat dif- 
ferent; this point will be discussed later. Finally, in 
order to determine the nature of this in vitro binding. 
preliminary experiments were undertaken using dopa- 
mine agonists. For it, apomorphine and AMT were 
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injected 1 hr after labeled spiperone. Figure 4.4 shows 
that apomorphine and AMT were able to displace 
partly the radioactivity in the striatum but not in the 
cerebellum. These results were compared to the effect 
of apomorphine on the HVA elevation induced by 
haloperidol treatment. As shown in Fig. 4B, apomor- 
phine was found to produce a dose-related decrease 
of the HVA increase elicited by haloperidol in the 
rat striatum. 

DlSCUSSlON 

The regional distribution in rat brain of neuroleptic 
receptors using the [3H]spiperone in uibo binding 
assay was found to differ somewhat from that pre- 
viously found with [3H]haloperidol [4, lo]. Indeed 
the present results provide a more clearcut differentia- 

2 6 8 16 32 2 b 6 16 32 

TUBERCIJLUM 
OLFACTORIUM 

HOURS AFTER INJECTION OF 3H-PIHOZIM 

Fig. 3. In oifro displacement of [3H]pimozide (0.02 mg kg-r i.v.) in various rat brain regions. In 
the first group (p) rats received only labeled pimozide while in the second group (-----) 0.4 mg 
kg-’ (T) unlabeled pimozide was injected i.v. 2 hr after [‘Hlpimozide. See Fig. 2 legend for explanation 

of symbols. 
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CONTROL *APO 20 AMT 25 .AW .&=u 
25 20 

Fig. 4. (A) In ciao displacement of [3H]spiperone 
(0.005 mg kg- 1 iv.) by dopamine agonists. Apomorphine 
(APO) 20 mg kg- ’ and 2-(N,N-dipropyl) amino 5,6-dihyd- 
roxytetrahn (AMT) 2.5 mg kg-’ were given intravenously 
to rats 1 hr after [3H]spiperone. Rat brains were removed 
3 hr later and the radioactivity was measured in the stria- 
turn (STR) and the cerebellum (CER). Each column except 
AMP (n = 2) represents the mean of 4 determinations 
(+ S. E. M.). (B) Apomorphine antagonism of haloperidol- 
induced HVA increase in rat striatum. Haloperidol (Halo) 
0.63 mg kg-’ was injected subcutaneously to rats. Fifteen 
min later apomorphine (APO; 2.5 and 20mg kg-‘) was 
given intravenously and the brains were removed 1 hr later 

(mean of six rats _+ S. E. M.). 

tion in receptor sites between dopaminergic and non- 
dopaminergic areas. For instance, the spiperone bind- 
ing assay has allowed us to clearly identify neurolep- 
tic receptors in the frontal cortex, a fact which 
appears quite compatible with the occurrence of 
dopaminergic neurones in this part of the brain [I 11. 
Moreover the difference in binding sites between the 
three cortex regions (frontaLparietal-~occipital) 
parallels the different dopamine content observed in 
these three areas [12]. However. such a parallelism 
is not the rule in all the brain regions. The olfactory 
tubercle. for instance, contains much more DA than 
the frontal cortex or the substantia nigra [I37 
whereas their number of binding sites was found to 
be rather similar. This gives more support to the idea 
that the neuroleptic receptor when using spiperone 
is relatively heterogenous thus not only of a dopa- 
minergic type but also of a serotonergic one. es- 
pecially in the frontal cortex (in preparation). 

From the present results, one may conclude that 
spiperone seems to be a much more appropriate 
ligand, perhaps the ligand of choice, for revealing the 
presence of neuroleptic receptors. especially in brain 
regions where they are only scarce in number. This 
is most probably due to the particular kinetic proper- 
ties of the drug which have already been emphasized 
in the first paper [S]. Spipcrone was found to have 
a very high affinity (lo9 M-‘) for the specific binding 
sites but a lower aspecific binding and a much slower 
dissociation rate than haloperidol. 

These reasons, in particular the latter two. enabled 
us to show a specific regional distribution of C3H]spi- 
perone under in uiuo conditions [S]. This was found 
to correlate with the regional distribution when 
measured under in vitro conditions. Therefore one 
may conclude that the retention capacity to accumu- 
late spiperone in the dopaminergic areas is mainly 

due to the binding of the drug to specific neuroleptic 
receptors in these brain regions, Why is this not the 
case when using haloperidol? In fact. for reasons in- 
verse to those which make spiperonc more appro- 
priate, although the affinity or haloperidol for the 
specific binding sites is still high. but 10 times lower 
than that of spiperone. In addition to this. haloperidol 
has a higher tendency towards aspecific adsorption 
and, perhaps the main reason. it has a very fast dis- 
sociation rate. Hence, our in vitro studies provide an 
explanation to the fact that haloperidol is not an ade- 
quate ligand for such in viva studies, thus confirming 
previous observations [ 14,151. 

That aspecific adsorption is a limiting factor is 
further substantiated by the fact that the use of a 
higher dose of spiperone (0.63 mg kg-‘) was found 
to change dramatically the regional distribution, the 
difference between the striatum and the cerebellum 
becoming less pronounced. 

In fact, when using higher doses. the aspecific bind- 
ing keeps increasing and becomes so high that it 
masks the specific one which is very rapidly saturated. 
We are faced here with an identical situation concem- 
ing the receptor binding assays in tlitro; a specific or 
stereospecific binding is only detectable if the concen- 
tration of the ligand is sufficiently low. about 10e9 M. 
At higher ligand concentrations, lo-’ M for instance, 
the aspecific binding, because it is not saturable, 
becomes predominant, thus masking the specific one. 
Therefore, it is of great importance to use extremely 
low doses of drug in order to evaluate in riuo specific 
binding. Moreover, as already mentioned. binding 
properties such as high affinity and slow dissociation 
rate are also required. 

Pimozide also seems to be an appropriate ligand 
for in Go0 studies although its aspecific binding under 
in tdro conditions was found to be higher than for 
spiperone and haloperidol (unpublished results). This 
probably explains the higher accumulation of this 
neuroleptic in the cerebellum when compared to spi- 
perone and the lack of its retention in the frontal 
cortex. The displacement experiments provide further 
evidence for the specificity of the in tlivo binding of 
neuroleptic drugs. Unlabeled drugs at high doses were 
able to displace the labeled drug bound in the dopa- 
minergic areas (striatum, substantial nigra. nucleus 
accumbens. olfactory tubercle and frontal cortex) but 
not in the cerebellum. The lack of displacement in 
the latter area is interpreted as being due to aspecific 
bindings. 

Surprisingly, the time-course of the [3H]spipcrone 
concentration was not identical in all the regions. The 
maximal uptake in the striatum was reached 4 hr after 
injection of the labeled drug whereas in the frontal 
cortex, the radioactivity content was already consider- 
ably decreased by that time. This feature cannot be 
attributed to a different amount of receptors in the 
dopaminergic areas but is most probably due to a 
difference in the nature of binding sites (in prep- 
aration). The fact that labeled spiperone remained 
bound for a longer period of time in the striatum 
than in the frontal cortex might suggest that the rate 
of dissociation, and thus the nature of the receptor 
sites in both areas, is not similar. Recent in vitro ex- 

periments have confirmed such a hypothesis (in prep- 
aration). 
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The spiperone in uiuo binding in the striatum seems, 
at least, partly to occur on dopamine receptors since 
in viuo, apomorphine and AMT were able to displace 
labeled spiperone. It might be argued that the dose 
of apomorphine was relatively high but one has to 
recall that the affinity or apomorphine for the neuro- 
leptic receptors is very low, about 100 times lower 
than that of spiperone. This displacement was found 
to correlate with the decrease of the homovanillic acid 
increase elicited by apomorphine when haloperidol 
was previously injected. This effect of apomorphine 
on haloperidol-induced homovanillic acid increase 
demonstrated the competitive nature of these drugs 
for the dopaminergic receptors [16]. 

Therefore the present results indicate that the spi- 
perone binding in rat brain mainly occurs at the level 
of the dopamine receptors, thus confirming the results 
obtained under in vitro conditions [S]. However, in 
brain regions like the frontal cortex other kinds of 
receptor should also be involved. Spiperone was 
found to be the neuroleptic of choice for such in viuo 
studies. 
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